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The subject of the present invention is a 
pharmaceutical composition intended for the treatment 
5 or prevention of a number of infections caused by 
pathogenic agents such as bacteria, which comprises, as 
immunogenic agent, polysaccharides derived from one or 
more pathogenic agent. 

Bacteria as well as fungi such as yeasts 

10 incorporate polysaccharides into their surface 
structure. Thus, the great majority of bacteria are 
coated with an exudate of a polysaccharide nature which 
is attached to the bacterium more or less fiirmly but 
which is strictly speaking not an envelope. This 

15 exudate is called glycocalyx or capsule. Moreover, the 
outer membrane of Gram-negative bacteria, consists, 
inter alia, of lipopolysaccharide (LPS) . Finally, 
polysaccharides are also found in the wall of fungi. 
These polysaccharides are in fact surface antigens 

20 which induce an immune response in an infected mammal. 

Such polysaccharides are produced on the basis 
of units in which the constituents and the bonds are 
defined and which are characteristic of the bacterial 
or fungal species considered. These repeating units 

25 contain the epitopes, that is to say the structures 
which determine antigenicity. 

The polysaccharides of pathogenic micro- 
organisms are reputed to be good vaccine agents. As 
they are, they are effective in adults and children 

30 over two years. On the other hand, in breast-feeding 
infants, some are only slightly or not imrriunogenic and 
do -not induce any immune response. It is possible to 
overcome this problem by coupling, via covalent 
bonding, the polysaccharides to a so-called carrier 

35 protein such as diphtheria or tetanus toxoid so as to 
obtain a polysaccharide-carrier protein conjugate. 

The same vaccine composition may contain 
several conjugates. Indeed, the trend is to combine 
several vaccinal agents intended to prevent or to treat 


\ 


infections induced by pathogenic agents from various 
species, this being, inter alia, in order to limit the 
number of administrations during the life of an 
individual. Furthermore, within the same species, there 
may be several serogroups /serotypes which are widely 
represented regionally or world-wide. It is this 
recalled that a serogroup/serotype is characterized, 
inter alia, by the nature of the capsule polysaccharide 
and that polysaccharides of various serogroups 
generally do not exhibit immunological cross- 
reactivity. In this case, it may therefore be necessary 
to combine the polysaccharides obtained from various 
serogroups in order to effectively combat an infection 
caused by one and the same species. 

Thus, this is for example the case when it is 
sought to vaccinate against Streptococcus pneumoniae 
infections. Pneumococcal infections are a real public 
health problem especially since they are found in the 
severe forms of pneumonia, septicaemia and meningitis. 
In industrialized countries, they affect each year 3 0 
to 100 per 100,000 children under three years. The 
mortality rate in cases of bacteraemia and meningitis 
is 15 to 30% whereas 5% of children die of pneumonia. 

A study carried out in Finland from 1985 to 
1989 shows that 90% of invasive infections are caused 
by 8 groups of serogroups /serotypes . Serogroups/ 
serotypes 14, 6 and 19 are responsible for 54% of 
cases, serotype 14 being predominant in children under 
two years. Other pneumococci frequently isolated belong 
to serogroups 7, 18 and 23; yet others, more rare, 
belong to serogroups/serotypes 9 and 4. A similar 
distribution has been demonstrated in other 
industrialized countries, in particular in the United 
States . 

Moreover, Streptococcus pneumoniae is respon- 
sible for a number of otitis infections which are more 
benign but very common. The number of children that 
have had an otitis infection before the age of six is 
evaluated, at about 75% and the number of otitis 


infections caused by pneumococcus at 30 to 50%. In 
developed countries, otitis infections caused by 
pneumococcus are due to serogroup 19 in 25% of cases, 
followed by serogroups/serotypes 23 (13%), 6 and 14 
(12%), 9 and 18 (4%) and 4 and 1 (2%) . 

A pneumococcal vaccine containing the 
polysaccharides of 23 serotypes is already commercially 
available. This vaccine makes it possible to 
effectively combat invasive infections in adults and 
has a transient action in children over seven months. 

The capsular polysaccharides of pneumococci are 
T-independent antigens, i.e. they can induce 
antibodies, preferably of the IgM type, without the 
help of T cells and are not capable of promoting a 
booster response of the IgG type. When they are coupled 
to a carrier protein, these polysaccharides then prove 
capable of inducing a T-dependent response, most 
particularly in neonates and should provide long-term 
protection . 

Clinical studies have been carried out in 
Finland and Israel with pneumococcal vaccines having 
four valencies containing conjugates 6B, 9V, 18C and 
23F in which the polysaccharide was coupled either to 
Dt or to Tt . The doses were 1, 3 or 10 |ig of 
polysaccharide per valency. Each of these formulations 
was administered simultaneously with an anti- 
Haemophilus vaccine (polyribitolphosphate coupled to 
Tt; Act-HIB marketed by Pasteur Merieux Connaught) and 
an anti-diphtheria, tetanus, whooping cough vaccine 
(for Finland, D.T.Coq marketed by KTL) . Furthermore, 
these three administrations were carried out 
accompanied or not by simultaneous administration of an 
oral or injectable polio vaccine. They were repeated 
twice at a few weeks interval, and then once, one year 
after the first immunization. 

The results of these studies as reported in the 
table below have made it possible to demonstrate an 
effect of negative interference of the diphtheria and 


tetanus toxoid load on the induction of anti-HiB 
antibodies, after the last immunization. 


Finnish st;udy 

Anti-HiB antibody in 
^ig/rnl 

Placebo 

11.00 

Tetravalent pneumo 
Tt : 1 ug 
3 pg 
10 pg 
Dt : 1 \ig 

3 yg 

.10 \ig 

10.1 
7.18 
4.11 
11 . 5 
12 . 5 
7.18 

Israeli study 


Anti-HiB antibody in 
|ig/ml 

Placebo 

6.62 

Tetravalent pneumo 
Tt : 3 ug 
Dt : 3 ug 

2.81 
4 , 62 


A similar interference effect was obseirved 
during a clinical study in Iceland in which breast- 
feeding infants received Pro HIBit ( PRP coupled to Dt; 
Connaught) in place of Act-HIB. 

More generally, it is predicted that, 
regardless of the vaccine based on conjugated poly- 
saccharides, a maximum load of Dt and of Tt or of any 
other protein exists in the conjugated vaccine or in 
the association or combination of vaccine administered 
above which the irrjaune response against polysaccharides 
conjugated with this protein may be reduced. In order 
to overcome the problem which the phenomenon of 
negative interference constitutes in multivalent 
vaccines composed of polysaccharide conjugates, the 
present application proposes to use not one but at 
least two carrier proteins so that the maximum load of 
each of the carrier proteins is not reached. 


( 
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Accordingly, the subject of the invention is a 
composition comprising "n" conjugates CI to Cn, each 
conjugate being composed (i) of a polysaccharide, in 
particular a polysaccharide derived from a Strepto- 
5 coccus pneumoniae serotype/ serogroup SI to Sn 
respectively, and (ii) of a carrier protein PI to Pn 
respectively, "n" being a number equal to or greater 
than 2; in which composition the polysaccharides SI to 
Sn are identical or different and in which the carrier 

10 proteins PI to Pn are selected independently from a 
group consisting of ^^m" carrier proteins Al to Am, ^^m" 
being a number equal to or greater than 2, provided 
that at least one of the carrier proteins PI to Pn is 
different from the others. 

15 According to another aspect, the subject of the 

invention is also a composition which comprises ''n" 
conjugates CI to Cn, each conjugate being composed (i) 
of a polysaccharide SI to Sn respectively and (ii) a 
carrier protein PI to Pn respectively, "n" being a 

20 number equal to or greater than 2; in which composition 
the polysaccharides SI to Sn are identical or different 
and in which the carrier proteins PI to Pn are selected 
independently from a group consisting of diphtheria 
(Dt) and tetanus (Tt) toxoids, provided that at least 

25 one of the carrier proteins PI to Pn is different from 
the others; and which is characterized in that the 
quantity of Dt and Tt is respectively less than or 
equal to 200 and 50 yg/dose. In other words, a 
composition according to the invention comprises one or 

30 more polysaccharide conjugates in which the 
polysaccharide is coupled to the diphtheria toxoid (Dt) 
and one or more ' polysaccharide conjugates in which the 
polysaccharide is coupled to the tetanus toxoid (Tt) 
and is characterized in that the quantity of Dt and Tt 

35 is respectively less than or equal to 200 and 
50 ]ag/dose. 

By way of illustration, the following 
compositions are envisaged: 
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(i)- A composition containing at least three 
conjugates CI, C2 , C3 , ... Cn, of formulas Sl-Pl, S2- 

P2, S3-P3 Sn-Pn, with: SI to Sn identical to 

each. other and PI to Pn all different from each other; 
5 (ii) A composition containing at least three 

conjugates CI, C2 , C3 , ... Cn, of formulas Sl-Pl, S2- 

P2, S3-P3, Sn-Pn, with: SI to Sn all different 

from each other, PI and P2 identical to each other, P3 
to Pn identical to each other and PI and P2 different 

10 from P3 to Pn, and 

(iii) A composition containing at least three 
conjugates CI, C2 , C3 , ... Cn, of formulas Sl-Pl, S2- 
P2, S3-P3, ..... Sn-Pn, with: SI and S2 identical to 
each other, S3 to Sn identical to each other, SI and S2 

15 different from S3 to Sn, PI and P3 identical to each 
other, P2 to Pn, excluding P3 , identical to each other 
and PI and P3 different from P2 to Pn (-P3). 

Thus, for the purposes of the present 
invention, the conjugates CI to Cn, which are 

20 necessarily all different from each other, may be so in 
pairs either through their polysaccharide, or through 
their carrier protein or through their polysaccharide 
and their carrier protein. According to a specific 
embodiment, the polysaccharides used are all different 

2 5 from each other. 

The number "n" of conjugates present in a 
composition according to the invention is equal to or 
greater than 2, and may in particular be equal to or 
greater than 3, 4, 6, 8, 10, 11, 12, 15 or 20. In 

3 0 general, this number "n" may be determined by persons 

skilled in the art as a function of a number of 
criteria in particular linked to the very nature of the 
composition, to the objectives which this composition 
should make it possible to achieve and to the 
35 population for whom this composition is intended. For 
example, in the case of a composition intended for 
treating or preventing pneumococcal infections in 
breast-feeding infants, it is considered that such a 
composition, in order to offer a good level of 
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protection and world-wide protection, should contain at 
least 8, preferably at least 10, most preferably at 
least 11 valencies which may be represented by at least 
11 conjugates or more, 

"Polysaccharide" is understood to mean a 
polymer consisting of a plurality of saccharide 
repeating units, especially of more than four repeating 
units, regardless of the length of the saccharide chain 
and regardless of the average molecular weight of the 
polysaccharide. This term covers in particular that of 
oligosaccharide . 

"Conjugate" is understood to mean a compound in 
which a polysaccharide is covalently linked to a 
carrier protein. 

Thus, as previously stated, a composition 
according to the invention should use at least two 
carrier proteins. These carrier proteins may be chosen 
from all those commonly used in the field of vaccines. 
They may be in particular the diphtheria toxoid (Dt) , 
the tetanus toxoid (Tt), the non-toxic mutant form 
CRM197 of the diphtheria toxin and the outer membrane 
protein type 1 (OMPl) of Neisseria mening-i tidis or any 
variant, analogue or fragment of the latter which has 
preserved the carrier capacity. The methods which make 
it possible to obtain these proteins in purified form 
are well known to persons skilled in the art. The terms 
"protein" as used in nhe present application applies to 
any amino acid chain, regardless of the length of the 
chain. In particular, this term covers the notion of 
peptide . 

In general, the group of proteins Al to Am from 
which the carrier proteins PI to Pn are independently 
selected therefore represents all the proteins having a 
carrier effect. For their personal needs, persons 
skilled in the art may agree that their choice would be 
limited to a defined number of proteins and, 
consequently, they can define the group which they will 
use to make their selection on the basis of a number 
"m" of components equal to or greater than 2 and at 
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most equal to "n", "n" being as defined above. In 
particular, persons skilled in the art can determine 
the minimum number of different carrier proteins which 
is necessary in order to avoid the phenomenon of. 
5 interference. To do this, they will take into account 
the maximum load that should not be exceeded for each 
of the carrier proteins. "Maximum load" refers to the 
quantity of carrier protein above which a reduced 
immune response is observed against one or more 

10 polysaccharides compared with a corresponding 
monovalent composition (conjugate taken separately) . 

In particular, as regards the diphtheria toxoid 
and the tetanus toxoid, it is estimated that, 
advantageously, the quantity of these proteins present 

15 in a dose of a composition according to the invention 
should not exceed 2 00 and 50 yg respectively, such a 
dose being envisaged for administration in a mammal, 
preferably a human. Preferably, the Dt load is less 
than or equal to 150, 120 or 100 ug, most preferably 80 

20 or 60 yg. Preferably, the Tt load is less than or equal 
to 35 or 25 yg, most preferably 20 or 10 ]ag . 

Thus, it may be accepted that for a composition 
using only two different carrier proteins, the 
selection of these proteins will be made from a group 

25 consisting of proteins Al and A2 . Preferably, Al and A2 
may be diphtheria toxoid (Dt) and tetanus toxoid (Tt) 
respectively or vice versa. 

According to a specific embodiment, a 
composition using only two different carrier proteins 

30 is characterized by a balanced distribution of the 
number of polysaccharides conjugated with the first 
carrier protein and of the number of polysaccharides 
conjugated with the second carrier protein. For 
example, when "n" is an even number, "n"/2 carrier 

3 5 proteins PI to Pn are Al and "n"/2 carrier proteins PI 
to Pn are A2 or when "n" is an odd number, ("n" + l)/2 
carrier proteins PI to Pn are Al and {"n"-l)/2 carrier 
proteins PI to Pn are A2 . 
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A polysaccharide useful for the purposes of the 
present invention may be in particular a polysaccharide 
of bacterial or fungal origin. It may be in particular 
a polysaccharide from Streptococcus e.g. Streptococcus 
pneumoniae. Staphylococcus, Klebsiella, Salmonella e.g. 
Salmonella typhi, Escherichia, Shigella, Neisseria e.g. 
Neisseria meningitidis, Haemophilus e.g. Haemophilus 
influenzae, Moraxella, Vibrio cholerae or Mycobacterium 
tuberculosis . 

In a composition according to the invention, 
the polysaccharides may be derived from different 
species or alternatively may all be derived from the 
same species, e.g. from the same bacterial species, 
possibly of different serogroups / serotypes . In order to 
illustrate this last possibility, there may be 
mentioned a composition according to the invention 
intended to vaccinate against pneumococcal infections, 
which contains at least 8 valencies, preferably 10 or 
11 valencies chosen from serotypes 1, 3, 4, 5, 6B, 7F, 
9V, 14, 18C, 19F and 23F, 

Thus, a composition constituting a pneumococcal 
vaccine advantageously comprises 10 or 11 valencies, 
e.g. represented by 10 or 11 conjugates in which the 
polysaccharides are all different from each other and 
are derived (have as origin) serotypes /serogroups 
chosen from serotypes 1, 3, 4, 5, 6B, IF, 9V, 14, 18C, 
19F and 23F of S. pneumoniae , It may be in particular a 
composition which comprises 10 or 11 conjugates 
selected from: 

serotype 1 polysaccharide coupled to Tt or to Dt ; 

serotype 3 polysaccharide coupled to Dt; 

serotype 4 polysaccharide coupled to Tt; 

serotype 5 polysaccharide coupled to Tt or to Dt; 

serotype 6B polysaccharide coupled to Dt; 

serotype 7F polysaccharide coupled to Tt or to Dt ; 

serotype 9V polysaccharide coupled to Tt; 

serotype 14 polysaccharide coupled to Dt; 

serotype 18C polysaccharide coupled to Dt; 

serotype 19F polysaccharide coupled to Tt; and 
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serotype 23F polysaccharide coupled to Tt . 

Under another aspect, a composition 
constituting a pneumococcal vaccine may comprise 10 or 
11 valencies represented by 12 to 22, especially 12 to 
15 conjugates, in which the polysaccharides are derived 
from the serotypes chosen from serotypes 1, 3, 4, 5, 
6B, 7F, 9V, 14, 18C, 19F and 23F, in which composition 
conjugates of the same valency differ from each other 
in the carrier protein. It may be in particular a 
composition which comprises: 

serotype 1 polysaccharide coupled to Tt. 
serotype 3 polysaccharide coupled to Dt, 
serotype 4 polysaccharide coupled to Tt 
serotype 5 polysaccharide coupled to Tt, 
serotype 6B polysaccharide coupled to Dt , 
serotype 6B polysaccharide coupled to Tt 
serotype 7F polysaccharide coupled to Tt. 
serotype 9V polysaccharide coupled to Tt 
serotype 9V polysaccharide coupled to Dt, 
serotype 14 polysaccharide coupled to Dt 
serotype 18C polysaccharide coupled to Dt 
serotype 18C polysaccharide coupled to Tt 
serotype 19F polysaccharide coupled to Tt, 
serotype 23F polysaccharide coupled to Tt; and 
serotype 23F polysaccharide coupled to Dt . 

Such a polysaccharide may be advantageously 
extracted from the microorganism according to 
conventional methods and purified likewise. This 
polysaccharide may be used in the crude form after 
extraction/purification. Alternatively, it may be 
fragmented in order to obtain a polysaccharide having 
an average molecular weight less than that of the poly- 
saccharide originally extracted. A particularly 
advantageous fermentation method is described in 
WO 93/7178 which is incorporated by way of reference. 

A conjugate in which a polysaccharide is 
coupled by covalent bonding to a carrier protein may be 
obtained according to conventional methods well known 
to persons skilled in the art. It may make use of a 
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linker or a spacer to carry out the conjugation. 
Depending on the mode of conjugation used, the 
conjugate resulting therefrom may be a conjugate in 
which the polysaccharide is linked to the protein by a 
5 single chemical function (sun or neoglycoconjugate 
type) , or by several functions (random coil type) . It 
is within the capability of persons skilled in the art 
to determine the most appropriate mode of conjugation 
as a function of the nature of the polysaccharide and 
10 more particularly of the chemical groups carried by the 
polysaccharide which may be used during the conjugation 
reaction . 

A composition according to the invention may be 
manufactured conventionally. In particular, it may be 

15 formulated with a pharmaceutically acceptable diluent 
or vehicle, e.gr, water or a saline solution. In 
addition, the composition may contain customary 
ingredients such as a buffer, a preservative or 
stabilizer, an adjuvant such as an aluminum compound, 

20 e.gr. an aluminium hydroxide, an aluminium phosphate or 
an aluminium hydroxyphosphate , and, where appropriate, 
a lyophilization excipient. In general, these products 
may be selected as a function of the mode and route of 
administration and based on standard pharmaceutical 

25 practices. Appropriate carriers or diluents as well as 
what is essential for the preparation of a pharma- 
ceutical composition are described in Remington's 
Pharmaceutical Sciences , a standard reference book in 
this field. 

3 0 A composition according to the invention may be 

administered by any conventional route which is used in 
the field of vaccines, in particular by the systemic, 
i.e. parenteral, route, e.gr. by the subcutaneous, 
intramuscular, intradermal or intravenous route, or by 

35 the mucosal route, e.gr. by the oral or nasal route. 

The administration may take place in a single 
dose or in a dose repeated once or several times, e.g. 
once, twice or three times, after a certain interval of 
time. The appropriate dosage will vary as a function of 
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various parameters, for example the number of valencies 
contained in the composition, the nature of the 
polysaccharide (s) used or the mode of administration. 
As a guide, it is indicated that good results may be 
5 obtained with per valency, a polysaccharide dose of 0.5 
to 100 \ig, preferably of 1 to 50 ug, most preferably of 

1 to 10 |ig. A dose of the composition according to the 
invention may be advantageously in a volume of 0.1 to 

2 ml. 

10 There are presented below, by way of example, 

various pneumococcal vaccines having multiple 
valencies, the valencies being chosen from serotypes 1, 
3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F. The 
polysaccharides derived from these serotypes were 

15 fragmented according to the method described in WO 
93/7178. The polysaccharides coupled to Tt (except the 
type 1 polysaccharide) were coupled according to the 
conjugation method described in WO 93/7178. Briefly, a 
polysaccharide is subjected to reductive amination in 

2 0 the presence of sodium cyanoborohydride in order to 

link a molecule of diaminohexane to a terminal reducing 
group. The polysaccharide thus derived is then 
activated by a succinimide group using disuccinimidyl 
suberate (DSS) . The polysaccharide thus activated is 
25 reacted directly with the carrier protein. The serotype 
1 polysaccharide was coupled Dt to Tt [sic] according 
to the conjugation method described in US patent No. 
5,204,098 which is incorporated by way of reference. 
The other polysaccharides coupled to Dt were coupled as 

3 0 follows; hydrazide groups were incorporated onto the 

polysaccharide by reacting the polysaccharide with an 
excess of adipic acid dihydrazide (ADH) in the presence 
of ethyl dimethyl amino propyl carbodiimide (EDAC) and 
sodium cyanoborohydride (for all the types except 3) or 
3 5 simply in the presence of sodium cyanoborohydride (for 
type 3). The polysaccharide thus derived is reacted 
with the carrier protein in the presence of EDAC. The 
experimental conditions were controlled so as to obtain 
conjugates in which the quantity of protein is between 


one and four times, preferably twice, the value of the 
quantity of polysaccharide. Thus, for a dose, 3 yg of a 
particular polysaccharide are coupled to about 6 \ig of 
Dt and 1 yg of a particular .polysaccharide is coupled 
to about 2 ug of Tt . 

The Dt and Tt used were prepared by 
detoxification with formaldehyde starting with toxins 
extracted respectively from Corynebacterium diphtherias 
and Clostridium tetani . 

The formulations contain a phosphate buffer 
(0.475 mg of FO^^' ion per dose) and sodium chloride 
(4.5 mg per dose) and may be supplemented with 
aluminium hydroxide (alum) adjuvant (300 \ig of Al^* ion 
per dose) and contain a preservative such as 
phenoxyethanol formalin. A dose is in the volume of 
0.5 ml. 


EXAMPLE 1: Octavalent formulation 



Polysaccharide 

Carrier protein 

Serotype 

Quantity per single 
dose 

Dt 

3 

3 ug 

Tt 

4 

1 ug 

Dt 

6B 

10 ug 

' Tt 

9V 

1 ug 

Dt 

14 

3 ug 

Dt 

18C 

3 ug 

Tt 

19F 

1 ug 

Tt 

23F 

1 ug 
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EXAMPLE 2: Formulations F3 , F4 and F3bis containing 11 
valencies 



Polysaccharide 


Serogroup/ 

Qty per 

Qty per 

Qty per 


Serotype 

single dose 

single dose 

single dose 

Protein 


of formu- 

of formu- 

of formu- 



lation F3 

lation F4 

lation F3 bis 



(ug ; 


(ug) 

Tt 

J. 



1 

Dt 

± 


3 


Dt 


-3 

3 

3 

Tt 


1 

1 

1 

Tt 

b 

1 


1 

Dt 

5 


3 


Dt 

6B 

10 

10 

3 

Tt 

5B 



1 

Tt 

7F 

1 


1 

Dt 

/ F 


3 


Tt 

9V 

1 

-L 

1 

X 

-1 

X 

Dt 

9V 



3 

Dt 

14 

3 

3 

3 

Dt 

18C 

3 

3 

3 

Tt 

18C 



1 

Tt 

19F 

1 

1 

1 

Tt 

23F 

1 

1 

1 

Dt 

23F 



3 


5 The approximate protein load in each of the 

three formulations is as follows: 



F3 

F4 

F3 bis 

Dt 

about 4 0 yg 

about 6 0 \ig 

about 4 0 \ig 

Tt 

about 15 lag 

about 8 ug 

about 18 \ig 


(which corresponds to a protein/polysaccharide weight 
10 ratio of about 2) . 


